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Abstract 
Organic Light Emitting Diodes (OLED) have experienced vast attention in the scientific literature as 
the leading contender for the next generation of electronic lighting technology. However, while 
research continues to push the limit for OLED performance and efficiencies, minimal attention is 
paid to the processability and suitability for mass production. In this regard, Solution Processability 
(SP) and Thermally Activated Delayed Fluorescence (TADF) in OLEDs are two recent discoveries 
which have significantly improved the capacity for low-cost processing without compromise to their 
performance efficiencies. This meta-analysis is focused on these discoveries and their application to 
OLEDs. Recent peer-reviewed studies of OLEDs employing both SP and TADF are reviewed in order 
to highlight physical fundamentals and discover synergistic effects when incorporating both factors 
into a single OLED device. Additionally, some other recent trends targeting efficient manufacturing 
of OLEDs are identified, and logical future directions for interested researchers are discussed. 
Keywords: Organic light emitting diode; solution processable; thermally activated delayed 
fluorescence; OLED; TADF; organic semiconductor.  
Introduction 
 
Organic light emitting diodes (OLED) are expected to serve as the next generation of technology for 
electronic lighting and display applications. While not yet sufficiently developed for broad 
commercialisation, OLEDs are beginning to show superior performance to their inorganic 
counterparts – in fact, several global electronics developers have opted for OLED-based displays in 
their product lines. The organic materials used in OLEDs carry added versatility in that they can 
maintain complete opto-electronic function when deposited onto flexible plastics or even fabric-
type substrates. Furthermore, the underlying organic molecular structure allows for endless 
possibilities in tailoring production and performance efficiencies through unique molecular designs. 
Finally, recent research has focused on two inherent properties that dramatically improve 
production efficiency, which are only available to organic materials: Thermally Activated Delayed 
Fluorescence (TADF) and Solution Processability (SP). 
 
The first notable demonstration of TADF by Chihaya Adachi and collaborators in 2012 [1] essentially 
quadrupled the possible performance efficiencies of conventional fluorescent OLEDs. By utilising a 
phenomena formerly termed “E-type delayed fluorescence” [2], the group discovered that purely 
organic materials can harness light emission from triplet-state excitons otherwise only accessible to 
materials containing expensive heavy metals. Thus, TADF materials not only improve the efficiency 
of conventional OLEDs but reduce the production cost by eliminating the need for expensive 
materials. Since discovery, most TADF studies have focused on achieving greater device 
performance through innovative molecular design. Over the previous few years, several reports 
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have demonstrated achieving near 100% Internal Quantum Efficiency (IQE) [3,4], as well as External 
Quantum Efficiency (EQE) higher than the most promising phosphorescent OLEDs [5,6]. As a 
consequence, the production efficiency, or the ability to be manufactured at the commercial scale 
with minimal cost, receives considerably less attention. Studies of TADF-based materials and devices 
are widespread throughout the scientific literature; the mechanisms and significance of TADF are 
explained in numerous reviews, books and articles [1,7-14], and are thus not discussed here.  
 
Solution processing is significantly cheaper than the typical vacuum-based deposition techniques, 
which require expensive equipment and a high resource cost per unit area of deposited material. 
Solution processing techniques also require less technical expertise for operation, are more suitable 
for large-scale depositions and are compatible with the existing roll-to-roll (R2R) processes used for 
mass production of thin-film semiconductors. Solution processing occurs from a solution of the 
deposition materials dissolved in a solvent, which is to be evaporated through the deposition 
process. It should be noted that while solubility is considered a major advantage of organic 
semiconductor materials, not all such materials are equally, or even sufficiently, soluble in suitable 
solvents; thus, solubility is a critical property when evaluating materials for solution processing. High 
solubilities are often associated with a greater presence of alkyl and alkoxyl moieties and a longer 
aliphatic chain [15]; this is typically seen in polymers. Higher solubility will i) result in a more uniform 
and homogeneous film morphology, removing the potential for charge trapping; and ii) allow a more 
uniform distribution of dopants in host:dopant complex films, resulting in a lower chance of 
concentration quenching [16] and aggregation-caused quenching [17,18].  
 
Many industrial reports and popular science articles recognise that despite the exceptional 
performance of modern OLEDs, the cost involved with manufacturing is preventing them from 
dominating the electrical lighting and electronic display markets. It is believed that the key to these 
manufacturing issues lies in breakthroughs of the fundamental physics and chemistry of materials 
processing and OLED design, which is likely to be found in scientific literature and academic 
publishing (as opposed to grey literature). 
 
Thus, the aim of this review is to:  
o Review all recent peer-reviewed papers examining OLED devices using a solution-processed 
and TADF EML; 
o Examine the concepts of TADF and solution processing in organic semiconductors, and 
identify any issues uniquely associated with OLED devices employing both phenomena, incl. 
synergistic effects; and  
o Highlight significant findings and identify a direction for future studies regarding solution 
processability, TADF and economic design of OLEDs. 
 
Given the relatively low number of studies with exact relevance (i.e. development or discussion of 
OLED devices with both SP and TADF), articles are reviewed on a case-by-case basis and categorised 
with similar papers. Then, the findings are summarised and discussed with respect to the aims listed 
above. Articles not showing significant findings or discussions relevant to the advancement of SP 
TADF OLEDs or low-cost processing are not discussed here. Whereas other recent reviews on SP 
TADF OLEDs focus on novel molecular designs and structure-property relationships [19,20], this 
review retains focus on factors that contribute towards low cost manufacturing and the ability to be 
translated from research to commercialisation. 
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Review 
Table 1. Performance factors of solution processed, thermally activated delayed 
fluorescence OLEDs found in recent literature 
Reference Photoluminescence Quantum 
Yield (PLQY) (%) 
Singlet-
Triplet 
Splitting ∆EST 
(eV)a 
Photolumiscence 
Wavelength, λPL 
(nm) 
Maximum External 
Quantum 
Efficiency (EQEmax) 
(%) Solution Film Solution Film 
[21] 26 26 0.1 550  540  9.3 
[22] 94 52 0.03   2.4 
100 31 0.06   3.4 
94 8.5 0.06   1.5 
[23] 92 52 0.13   6.0 
95 40 0.07   9.4 
96 45 0.08   9.5 
95 49 0.07   8.2 
[24] 76  0.07   16.1 
70  0.09   16.0 
[25] 34  0.058 575  17.5 
37  0.048 608  15.2 
[26] 11 12 0.12 478  1.0 
20 47 0.05 484  8.9 
65 95 0.01 509  13.9 
[27] 55  0.07 536  560  
16  0.31 429  424   
[16] 94     8.1 
67     8.2 
78     18.1 
[28] 45  0.18    
98  0.13    
[29]      4.43 
[30]      12.9 
     12.4 
[24] 44  0.07    
[31]      7.0 
68  0.09 498  492  12.2 
48  0.20 484 464  2.2 
[32]      9.4 
     9.9 
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     15 
     16 
[26] 11  0.12 478  1.0 
20  0.05 484  8.9 
65  0.01 509  13.9 
[33]    478  1.2 
   492  1.1 
   498  4.0 
   506  4.3 
[34] 71  0.16   18.7 
[35]      ~24 
[36]      2.3 
     11.05 
[37] 44  0.18 590 553 1.2 
56  0.17 594 545 5.5 
71  0.20 591 541 11.8 
[38] 42  0.24   1.56 
61  0.23 490 460 12.6 
[39] 46 75 0.21 510 477 2.4 
2 39 0.05 608 522 3.7 
[40]   0.24 439 445 23.8 
78  0.22 452 475 23.5 
[41] 12  0.04  549 8.1 
[42]  28 0.11  572 5.8 
 52 0.05  612 7.5 
[43]       
      
[44] 3.8 25 0.15 407 473  
65 65 0.08 483 505 4.3 
[45,46]  92 0.13 510 507 14.9 
[47] 76 74 0.06 443  17.8 
81 1.0 0.06 453  20.0 
[48] 77  0.11 520  12.0 
75  0.15 499  5.2 
[49] 74  0.04 606  9.0 
[50] 32  0.28 502  1.09 
58  0.20 490  6.5 
76  0.20 487  10.1 
[51] 60 42 0.33 421   
64 58 0.25 438   
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52 22 0.17 451   
[52]      5.7 
     3.6 
[53]  63  444  1.4 
 71  444  2.0 
 64  448  1.2 
[54]  0.8 0.1 550  13.9 
[55] 2.1 56 
(powder) 
0.18 590  3.18 
45 87 
(powder) 
0.17 536  3.72 
30 75 
(powder) 
0.18 540  8.47 
[56] 61  0.06 465  19.1 
94  0.05 476  8.0 
[57] 88 52 0.17   15.5 
     17.1 
[58]  44 0.2 550  10.0 
[59]   0.35 533  20.1 
  0.46 536  15.2 
  0.42 539  1.8 
  0.40 556  1.4 
[60] 50 39  507   
67 74  511  16.1 
66 70  512   
60 59  513   
a Calculated via the singlet (S1) and triplet (T1) energies determined via onset of fluorescence and 
phosphorescence.  
Table 1 presents a comparison of literature on OLED devices employing both SP and TADF within 
the emissive layer. To maintain concision, only primary performance figures are included to allow 
for general comparison of device performances across studies. Photoluminescence quantum yield, 
or PLQY (%), describes the ratio of photons emitted to photons absorbed during controlled 
photoluminescence in either solution or neat film states. Singlet-triplet splitting, or ∆EST (eV), 
represents the energetic difference between the lowest singlet (S1) and triplet (T1) electronic states, 
which can be conceptualised as the energetic gap electrons must overcome through Reverse 
Intersystem Crossing (RISC) and emit via the delayed fluorescence pathway. Photoluminescence 
wavelength, or λPL (nm), describes the wavelength of emission during photoluminescence in the 
solution or neat film states, which is indicative of colour. External Quantum Efficiency, or EQE (%), 
describes the ratio of photons emitted to electrons injected during controlled electroluminescence, 
which reflects the overall device efficiency.    
 
Detailed analyses and discussions of each study are included in the following sections. 
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Polymers 
 
The foremost benefit of polymers is their high solubility in organic solvents due to their long aliphatic 
chains. On the other hand, their large size and variability in molecular structure between production 
batches results in difficulties controlling molecular design factors that affect TADF emission 
performance. An example of such a design factor is the distances and torsions between donor and 
acceptor moieties; both must be separated in order to reduce overlap of the HOMO and LUMO 
(typically localised around the donor and acceptor, respectively), which is directly related to ∆EST 
[61].  
 
In 2015, Nikolaenko, et al. [58] developed an SP TADF Emissive Layer (EML) made of a polymeric 
material. In this case, the donor and acceptor moieties served as distinct monomers in the greater 
polymer chain, and polymerisation amounts were controlled to vary charge transport properties 
and buffer the recombination zone. Other monomers were selectively added to control the 
electronic, optical and physico-chemical properties, such as solubility and viscosity, and a block-
polymer structure was used to ensure tight control of polymer sequence. Interestingly, the 
experimental values of the containing devices showed a relatively low PLQY (in air) of 41% with 
estimated RISC yields of 83%, suggesting that light conversion, rather than triplet conversion, was 
limiting the efficiency of the device. Finally, the authors noted that the long-chain nature of the 
polymer EML may have resulted in horizontal alignment of the dipole moment of the EML polymer 
with the substrate, which is known to improve efficiency [62,63].  
 
Nobuyasu, et al. [36] continued the foray into TADF polymers. Devices were made using two 
copolymers consisting of a known small molecule emitter. Both solution-processed polymer devices 
showed significantly lower efficiencies than vacuum-deposited small molecule devices and 
exhibited noticeable roll-off. Regardless, the authors noted that their polymer device efficiencies 
were comparable to those of the major polymer TADF effort by Nikolaenko, et al [58] the previous 
year. The low polymer performance was attributed to weak electronic properties as a result of 
unrefined solution-processing methods, without any further discussion given. The authors 
presented two primary challenges of TADF polymers: i) high molecular weight compounds cause 
high ∆EST and non-radiative internal conversion, effectively reducing the efficiency; and ii) Triplet-
Triplet Annihilation (TTA) is frequent in polymers, creating an alternative non-radiative pathway for 
triplet excitons besides RISC. While the solubility of polymers makes them attractive for OLED 
devices, these issues need to be rectified before seeing commercial use.  
 
Zhu, et al. [46] developed a conjugated polymer for use in a SP TADF OLED. In contrast to the typical 
alternating D-A backbone structure seen in most emissive polymers, acceptors were perpendicularly 
grafted to a backbone of donors to increase torsion, thus increasing HOMO-LUMO separation and 
reducing ∆EST. Despite the unique electronic and optical properties of conjugated polymers for 
optoelectronics [64,65], the characteristic effects of conjugated polymers on the current device 
were not discussed. 
 
The same polymer was used in an SP TADF OLED by Lin, et al. [45]. They observed high rates of triplet 
exciton quenching and attributed it to intra- and inter-molecular accumulation quenching between 
polymer chains. This accumulation quenching in TADF, which was recently studied, occurs via the 
close-range, electron-exchange Dexter energy transfer mechanism, as opposed to the long-range, 
dipole-dipole Forster mechanism [66]. To circumvent the accumulation quenching, they added an 
interfacial exciplex host to improve RISC rates and bolster the delayed fluorescence contribution. 
Indeed, quenching and roll-off were significantly reduced as evidenced by L50 and J50 (i.e. luminance 
and current density after EQE has reduced to 50% of maximum over prolonged operation), which 
were each increased nearly three-fold as compared to the pure polymer OLED.  
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A study by Xie, et al. [60] developed an SP TADF polymer using the same side-chain grafting strategy 
mentioned above and a TADF small molecule reported earlier [67,68] as an emissive repeating unit. 
The devices utilised a novel transfer mechanism where an additional TADF small molecule was 
included as an “assistant dopant”, which mediates charge transfer between the host and TADF 
dopant and contributes towards a portion of the RISC processing of singlet excitons. Devices with 
optimised structure showed remarkable EQE of 16% with near 100% IQE. While the assistant dopant 
strategy is likely to improve device efficiencies, a three-component-EML is likely to require extra 
design considerations and, consequently, production costs for commercial production. Interestingly, 
the results also indicated that RISC rates are higher in polymers than small molecules.  
 
Ren, et al. [59] developed a series of copolymer and homopolymer SP TADF OLEDs to illustrate the 
effects of polymer structure on TADF performance. In this case, emissive pendant moieties 
consisting of a phenothiazine donor and dibenzothiophene-dioxide acceptor were partitioned by 
inert styrene moieties in the greater polymer chain. This design was intended to boost emissive 
efficiency by reducing intermolecular interactions between pendant units. Indeed, the copolymers 
showed much lower ∆EST and significantly higher EQE, Current Efficiency (CE) and Power Efficiency 
(PE) than the homopolymer, and copolymers showed increasing performance along with increasing 
degree of copolymerisation (i.e. ratio of styrene units to emissive units). Partitioning the emissive 
units was believed to reduce quenching via internal conversion and triplet-triplet annihilation. 
However, no discussion was provided on the effect of molecular structure on solubility. 
 
Small Molecules 
 
Small molecules are relatively low molecular weight (as compared to polymers) tightly-packaged 
molecules that form discrete particular neat films. As opposed to polymers, small molecules are not 
always soluble in ideal solvents, and thus present an extra complication if solution processing is 
desired. On the other hand, the tightly-packed, discrete particle film structure of small molecular 
neat films are more electrically conductive and thermally stable than polymers, and are thus more 
resistant to dissociation after formation of the neat film. A review of solution-processable small 
molecules for OLEDs can be found here [15]. 
 
In what might be the first of its kind, Cho, et al. [16] produced three separate solution processed 
TADF devices with EQEmax values of up to 18.1%. One emitter – t4CzIPN – showed higher device 
efficiencies when fabricated via solution processing instead of vacuum deposition. In this case, it 
was believed that the t-butyl moiety improved solubility (0.4%) as compared to other designed 
emitters (0.1%) and resulted in a more stable film morphology. Further discussion purported that 
greater solubility resulted in a more uniform distribution in the final film which: i) subdues exciton 
quenching; and ii) minimises interstitials and defects, which lead to charge trapping – both of these 
factors will reduce overall quantum efficiency. Furthermore, when deposited in higher doping 
concentrations (3% and 5%), the resultant film morphology was noticeably more disrupted, which 
was believed to cause more charge trapping. Indeed, these devices showed lower current densities 
and quantum efficiencies. As noted earlier, the higher solubility of the t4CzIPN emitter might well 
be a result of the longer and more planar carbon backbone.   
 
Cho et al. [47] developed highly efficient solution processed TADF emitters by modifying 4CzIPN, 
replacing either 1 or 2 CN groups with F atoms (3CzFCN and 4CzFCN). The rationale behind the 
design was to use the hydrophobic nature of F to counteract the hydrophilicity of CN and improve 
solubility in organic solvents. Indeed, the novel molecules showed higher solubility in toluene, and 
the solubility increased according to number of F moieties (1.5 wt% for 3CzFCN, 1.0 wt% for 4CzFCN 
and 0.1 wt% for 4CzIPN [69]). It is important to note that toluene is commonly required for TADF 
studies for its ability to prevent PL quenching of TADF molecules in solution. AFM revealed a much 
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greater film morphology in 3CzFCN as a result of its higher dissolution in toluene. Furthermore, it 
was also believed that the weak electron withdrawing nature of the F moiety, relative to the parting 
CN, caused a slight bathochromic shift in the PL emission (443 nm and 453 nm for 3CzFPN and 
4CzFPN, respectively, from 470 nm of 4CzIPN [69]). The study indicates that while functionalisation 
may be a simple yet effective method to improve solubility, PL or electrodynamic characteristics are 
likely to change – this might be particularly more pronounced in TADF molecules due to their 
delicate electronic nature.   
 
The same group [34] later tried to improve the unstable emissive lifetimes of their previous efforts 
through a benzonitrile core substituted with 5 carbazole units (5CzCN). The aim of the design was 
to increase solubility by agglomerating as many donors as possible (while retaining the CN unit) in 
order to increase both the donor-acceptor dihedral torsion and the available surface area for solvent 
penetration. Indeed, the additional carbazole increased solubility in toluene from 0.1% for 4CzIPN, 
as per their previous study [69], to 0.5% for 5CzCN. However, it should be noted this figure is lower 
than the fluorinated benzonitriles of the group’s previous effort mentioned above. Furthermore, 
while the lifetime was aimed to improve through extending conjugation of the benzonitrile acceptor 
and increase aromatic units through carbazole functionalisation, notable lifetime improvements 
were only detected in vacuum-deposited devices. 
 
Kim, et al. [35] focused on improving production costs not only through soluble molecules, but 
through simplifying device structures. The aim was to create a device with no transport layers by 
using a “self-organised buffer hole injection layer” (Buf-HIL). 4CzIPN dopant and CBP host were used 
as the EML. The Buf-HIL consisted of PEDOT:PSS and a perfluoric acid copolymer (PFI), which 
resulted in a neat film with graded PFI concentration - the lower surface energy of PFI allows for 
natural self-organisation during spin coating. This gradient caused the work function to change 
across the Buf-HIL, allowing each end to closely match the electronic levels of its neighbouring layer 
and improve internal hole transport and reduce hole accumulation at the interface (i.e. work 
function of the bottom end was similar to the anode, and that of the top matched with the HOMO 
of the host material). Additionally, the Buf-HIL also improved efficiency by reducing contact between 
excitons and the lower energy levels of PEDOT:PSS, which has been reported to result in exciton 
quenching [70,71]. A polar aprotic solvent, THF, was selected to dissolve the highly polar 4CzIPN – 
indeed, solubilities were much higher in THF (>10%) than in toluene (<1%). THF not only improved 
film uniformity, it significantly reduced aggregation of 4CzIPN, resulting in a two-fold increase in PL 
intensity from a film spun from toluene as a result of aggregation-caused quenching. The authors 
found that solvents with higher dipole moments resulted in greater morphology and PL intensity.  
Ultimately, the study demonstrates a resourceful method to simultaneously improve both device 
efficiency and manufacturability.  
 
Adachi’s group [70] performed a comparative study of a series of 4CzIPN devices with either CBP or 
CPCB host, solution or vacuum processed layers and varying Electron Transport Layers (ETL). 
Interestingly, CBP devices showed no notable variation in EQEmax between solution or vacuum 
processed devices, while those of CPCB showed up to a 31% decrease. Lifetimes were significantly 
lower in most devices when solution processed. However, solution processed CPCB devices had 
much improved lifetimes than solution processed CBP devices, which was attributed to a higher 
molecular weight, greater solubility and better film morphology. 
 
Xie et al. [25] developed two small-molecule emitters that were both vacuum and solution 
deposited and compared. The solution deposited devices of each molecule showed comparable 
EQEs to their vacuum-deposited counterparts – this was even more notable considering that the 
vacuum deposited devices did not include hole transport layers. 
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Not long after the worldwide recognition of TADF, Chen, et al. [55] developed one of the first and 
most notable devices utilising both TADF and solution processability. The idea was to utilise the 
inherent narrow ∆EST found in transition metal complexes for TADF without the natural instability 
of rare phosphorescent transition metals like iridium or platinum. The same group [28] later 
developed a cuprous-complex small molecule which showed clear TADF in solution processed 
devices. The device was made by using a carbazole-based molecule, czpzpy, as both a ligand and 
host material for a separate emissive dopant, [Cu(CH3CN)2(POP)]BF4  – both materials were simply 
spin deposited in tandem without prior preparation. The ligand was used in excess as an attempt to 
reduce dissociation of the emissive dopant and thus improve PLQY in the device.   
 
Verma, et al. [54] developed a copper iodide complex for use in an inkjet-printed EML. A Copper-
Iodide core was substituted with alkyl phosphites to improve solubility in nonpolar solvents suitable 
for inkjet deposition. The molecular design rationale was to include asymmetrically-substituted 
ligands in order to reduce the conformational possibilities, thereby increasing the entropy 
contribution and solubility. Solubilities in polar solvents such as ethanol were between 10 – 30 mg 
mL-1 but were higher than 100 mg mL-1 for non-polar solvents. The devices with a printed EML and 
evaporated organic layers showed an EQEmax of 13.9%. With the broad solubility behaviour, the 
authors noted that the molecule was suitable for various types of high-perfomance inks and print 
heads – the molecule could be dissolved in solvents with tuneable viscosity or surface interactive 
behaviour.  
 
Sun, et al. [53] developed solution processed TADF EMLs with thermally crosslinkable host and 
dopant. The desire for crosslinking EML materials was not made completely clear, but it was believed 
to contribute to a greater thermal stability and more homogenous film morphology. The device with 
a film of host:dopant mass ratio of 1:0.09 showed the best performance compared to those of 1:0.06 
and 1:0.12, but the reason was not elaborated on. 
 
Chen, et al. [56] developed a solution processed, non-doped, TADF emitter showing an EQEmax of 
19.1% - reportedly the highest as at publication (Oct 2017). This breakthrough was attributed to a 
dual-charge-transfer mechanism, in which charge was transferred both through conventional D-A 
transport as well as through-space electron transfer – in this case, electrons from the π-orbitals of 
donor and acceptor moieties in close proximity transfer through space [72,73]. Having an alternate 
pathway for charge transfer was believed to result in higher dipole moment and lower ∆EST. 
 
Huang, et al. [43] developed a TADF molecule with mechanochromic luminescence - colour variation 
depending on the solution with which the molecule was deposited. The molecule, Cz-AQ, emitted 
as a deep red at 680 nm when deposited through dichloroethane and yellow at 600 nm through a 
mixture of dichloroethane and ethanol (equivalent volume ratio). Crystals of the molecule were 
grown through different solutions and the crystallographies were studied to examine the 
luminescent behaviour. Between the two crystals, one showed stacking with an H-type aggregation 
along with b axis, leading to strong π-π interactions induced by significant orbital superimposition – 
this was believed to cause the red shift in emission of the deposited films. TGA and DSC also revealed 
transition of emission colour from red to yellow in the same crystal after thermal decomposition. 
Unfortunately, the specific solvatochromic effect on the molecule (i.e. the mechanism by which 
different solvents affect the molecular orientation and emission wavelength) was not discussed. It 
is also worth noting that due to the closely stacked molecular orientation, Cz-AQ showed 
aggregation-induced emission (AIE) properties – a mechanism in which luminescence is enhanced 
in aggregated states such as neat films [74].  
 
Dendrimers 
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Dendrimers serve as a new class of molecules with sizes in between those of small molecules and 
polymers. Dendrimers are identified by their tree-like structure, with “branch” molecules 
surrounding a single core in three dimensions. These branches then attach to subsequent branch 
molecules, thus giving the dendrimer a tree-like structure. Branch molecules are referred to as 
dendrons, while the number of branches in succession is termed “generation”. Dendrimers are often 
designed using some existing small molecule as either dendrons or the core molecule. A typically 
high molecular weight ensures a good degree of solubility in common solvents, but also avoids 
forming inhomogeneous, impure or poorly distributed thin films that often occur in polymers with 
indefinite molecular weight [15]. While review articles of emissive dendrimers do exist [75,76], 
functional dendrimer OLED devices have only appeared in the literature within the last decade, and 
no relevant review articles have appeared since. 
 
Albrecht, et al. [22] developed the first solution processable TADF OLED using a dendrimer-based 
emissive layer. The emissive dendrimers consisted of a triazine core unit attached to various 
generations of carbazole dendrons (up to 4 generations). Perhaps since Adachi’s novel 4CzIPN 
molecule [1], Carbazole has become well-known moiety for functionalising TADF molecules because 
of its hole-transport velocity, high triplet energy, stable thermal resistance and its ability to improve 
solubility and resultant film morphology [31,77]. It was found that higher generation number 
resulted in worse performance in regard to ∆EST and PLQY (film and solution), but the highest EQE 
came from 3 generations. The increased intermolecular interactions resulting from higher 
generation numbers was believed to be the cause of lower PLQY.  Regardless, each dendrimer 
showed clear TADF, indicating that dendrimers may well be the ideal solution to achieving both 
TADF and solution processability in future molecular designs. The authors also noted that carbazole-
based dendrimers have been previously shown to become insoluble after photo-induced 
crosslinking [78] – this is hugely beneficial for solution processed devices, as it will allow the 
deposited EML to remain solid after contact with solution of neighbouring layers. 
 
This orthogonal dendrimer and a device with fully solution-processed organic layers was later 
developed by the same group through the use of a similar triazine- and carbazole-based dendrimer 
[23]. Part of the strategy was to include terminating functional groups on the final generation of 
carbazole dendrons to increase initial solubility. Terminating groups included methyl, t-butyl, phenyl 
and dibenzocarbazole substituents. As expected, all funtionalised dendrimers showed good 
solubility in common solvents, such as chloroform, THF and toluene, and the dibenzocarbazole-
functionalised dendrimer dissolved in hexane. However, no quantitative analysis nor qualitative 
speculation on the degree and change of solubility among variants was given. It was also shown that 
the functionalised dendrimers showed much better lifetimes than the non-functionalised – this was 
attributed to the electrochemical stability induced by the terminating groups, and the belief that 
the non-functionalised dendrimer might undergo electro-polymerisation in the powered device, 
which generated carrier traps.  
 
The same group then continued their work and developed devices with t-butyl-substituted 
dendrimer as a dopant and a carbazole-dendrimer-based hosts [24]. The motivation was to select a 
host that could improve the PLQY of previously developed devices while maintaining orthogonality 
or resistance to dissolution in alcohol used to deposit ETLs. Hosts with generation numbers higher 
than 2 showed near-complete resistance to alcohol (likely due to higher molecular weight [79]), 
while that of 2nd generation was largely dissolved. Furthermore, a separate control experiment that 
even if the host is sufficiently resistant, alcohol can permeate the solid film of a host:dopant complex 
and dissolve the dopant, even if the dopant is intrinsically resistant to alcohol.  
 
The most recent effort of Albrecht’s group [52] involved a imparting AIE to a solution processable 
TADF dendrimer. Indeed, AIE was only noticed in dendrimers, as opposed to small molecules of 
similar composition, due to the intermolecular interactions occurring in dendritic structures – these 
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interactions inhibit intramolecular rotations and vibrations, which create non-radiative pathways. 
As noted in previous studies, the dendrimers showed good resistance to alcohols, which allows for 
solution deposition of neighbouring ETLs in alcohol without degradation of the EML. While the EQEs 
of these dendrimers were comparatively lower than the authors’ previous work, the synergy of AIE 
with TADF and solution processability serves as an innovative method to improve both performance 
and cost effectiveness of devices. Hu, et al. [39] and Huang, et al. [42] recently reported molecules 
with AIE, TADF and solution processability, albeit with much less notable results.  
 
Li et al. [48] developed a new molecule by dendronising a DMAC-DPS core with up to two 
generations of t-butyl-substituted carbazole. Both dendrimers exhibited good solubility in 
dichloromethane, tetrahydrofuran, toluene and chlorobenzene, likely boosted by the t-butyl 
groups, but no quantitative solubility analysis was performed. High decomposition temperatures 
(471oC and 507oC for 1 generation and 2 generations, respectively) and post-annealing AFM 
revealed very high thermal stability and morphological homogeneity after spin coating for both 
dendrimers. However, different devices showed minor changes in efficiency according to varying 
annealing temperatures – EQEs for the 1-generation-dendrimer device showed fluctuations up to 
nearly 4 percentage points through annealing at 25oC to 160oC. Regardless, all devices showed 
relatively low roll-offs.  
 
Ban, et al. [50] designed a dendrimer TADF emitter using alkyl, instead of π-conjugated or aromatic, 
chains to link dendrons to the emissive core. The rationale of this design was threefold: i) to improve 
solubility and film morphology by reducing molecular rigidity and steric hindrance; ii) to improve 
charge transport through non-conjugated linkers; and iii) to reduce emission quenching by using 
non-conjugated spacers to isolate the emissive core [80]. While the improvement to solubility and 
morphology was not verified, the alkyl-linked dendrimers indeed showed improved device 
performance, which was attributed to the effects predicted above. Electronic properties between 
dendrimers showed little variance (for example, relative standard deviation of ∆EST between 
dendrimers was only 13%) – this is interesting to note as steric hindrance and rigidity are known to 
be greatly influential on electronic states in TADF molecules. Thus, aliphatic linkers may well be one 
method to reconcile solution processability and TADF. The same group later witnessed similar 
effects through yellow- [37] and blue-emitting [38] dendrimers.  
 
Ban et al. [57] later developed the first TADF OLED using fully solution processable organic layers. 
The dendrimer emitter, a cyanobenzene with two generations of carbazole dendrons (Cz-CzCN), was 
used as a non-doped (self-host) EML. The high molecular weight dendrimer was designed to provide 
resistance to alcohol solvents in order to avoid orthogonal dissolution when depositing the ETL. 
Thus, neat films of Cz-CzCN and a single-generation molecule (5CzCN) were subjected to absorption 
spectroscopy before and after rinsing in isopropyl alcohol - as expected, 5CzCN’s absorption 
intensity reduced drastically, while that of Cz-CzCN only reduced by around 5%. Unfortunately, the 
mechanism behind the dendrimer’s high alcohol resistance was not expounded on beyond the high 
molecular weight. Alkyl chains were used to link the 2nd generation dendrons, which were believed 
to enhance overall solubility and help maintain the electronic properties of the emissive core 
separate from dendrons. Furthermore, the encapsulating structure of dendrons was believed to 
limit exciton quenching via intermolecular interactions in the emissive core. Soon after, the same 
group [40] reported a new OLED device using similarly designed molecules (with 3 and 4 dendrons 
per generation instead of 5) as a host and guest EML, respectively. These devices were believed to 
use the same phenomena (i.e. inhibition of exciton quenching via molecular encapsulation and 
enhanced solubility via alkyl chain linkers) to achieve higher EQEs than the previous effort (EQEmax 
of 23.8% and 23.5% for 3 dendrons and 4 dendrons, respectively). It should be noted that this 
appears to be the highest EQE reported for a solution processed TADF device to date. 
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Summary 
Synergistic effects 
 
There do not appear to be any beneficial synergistic effects between TADF and SP; in other words, 
the effects of TADF and SP do not combine to boost performance to levels unexpected by each factor 
individually. There are, however, notable detrimental effects - soluble materials have inherent 
properties that can affect the performance of TADFs and thus must be considered during design 
stages (and vice versa): 
o Deposition via solvent alters atomistic morphology and molecular orientation (as compared 
to solid crystalline structure), and thus effects the electron orbital configuration. 
Consequently, this has significant effects on the excitonic and electronic pathways, which 
will alter photo- and electroluminescent efficiencies; 
o Different types of solvents will alter emission characteristics, whether through alterations 
to the film structure, molecular orientation or both;  
o Both TADF contribution and solubility are currently precisely controlled by molecular 
structure – altering structure to tune one property is likely to affect the other. For example, 
increasing alkyl chain length to increase solubility may separate donor and acceptor 
moieties, disrupting the charge transfer mechanism or ∆EST; and  
o Solution processed neat films are expected to have greater decay lifetimes [70]. This may 
disrupt the contributions to fluorescence from different sources (i.e. delayed or prompt). 
It appears any breakthroughs in SP-TADF OLEDs will occur through trial and error and empirical 
observations of new molecular designs (as opposed to mechanistic analysis).  
 
Molecular Type 
 
Polymers have higher solubilities as a result of the longer aliphatic chain. However, the electronic 
performance of TADF polymers is initially at a disadvantage as the length, complexity and variability 
of polymer structures introduces difficulties in tuning the structure-related properties of TADF (e.g. 
∆EST and consequent IQE, which are related to D-A separation). On the other hand, small molecules 
are smaller and more precise in nature, allowing one to tune structure-related properties and 
performances through minor alterations to molecular structure or composition. Furthermore, they 
are also associated with simpler and more controllable synthesis methods, which is likely to reduce 
the costs of large-scale production. Finally, assuming a decent dissolution, small molecules generally 
produce well-ordered, neatly-packed thin films, resulting in greater electronic performance and 
lifetime.  
 
Dendrimers are a great middle ground for low-cost design, capturing the solubility of polymers with 
the facile synthesis methods and the ability to precisely control molecular structure of small 
molecules. Dendrimers are suitable for TADF emission as the electronic structure and exciton 
transmission can be tuned through addition and modification of dendrons. Additionally, molecular 
weight can be largely varied by tuning the number and structure of dendrons; this allows one to 
selectively tune solubility and/or resistance to orthogonal solvents. Ken Albrecht’s group has 
performed a number of studies into the characteristics of dendrimers and development of suitable 
dendrimer-based SP TADF OLEDs.  Future work could focus on finding novel dendrimer and 
dendron structures for optimal performance along with suitable solvents and device structures.  
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Future Research 
Solubility 
 
While recognised as a critical factor for OLED design, few experimental studies actually discuss 
solubility or the consideration thereof before design. Since solubility is not easily quantified, many 
researchers simply rely on qualitative descriptors such as length of alkyl chains or molecular size to 
evaluate solubility. Glass transition temperature is one parameter that is associated with solubility 
[15,81]. While many of the studies reviewed herein do determine Tg as part of experimental 
procedure, none have discussed it with regards to solubility. Instead, more effort should be given to 
quantify solubility and develop generic correlations between solubility and device stability or 
performance. In a review on SP small molecules for OLEDs, Duan, et al. [15] noted that the effect of 
solvent on solubility and film quality needs further investigation. The Solubility Parameter [82,83] 
attempts to numerically predict interactive dissolution via the intermolecular and diffusive forces. 
Derivations of the solubility parameter method have been used to study ink-based deposition of 
organic semiconductors in some theoretical studies [84-87], albeit with unpredictable results. 
Sanders, et al. [88] recently developed a methodical design process for OLED materials – 
determination of solubility parameters through computational molecular dynamics (MD) 
simulations was included in one step. Numerical correlations between solubility and resultant film 
properties would assist future researchers in SP OLED design. 
 
SP-electrodes 
 
While solution processability is important in organic emissive materials, each device layer, including 
the electrode material, must be compatible with R2R processes in order to experience complete 
low-cost, large-scale manufacturing; this includes the electrode, which is typically metallic. Several 
articles have been devoted to SP metallic electrodes via deposition of metallic ink – a suspension of 
metallic nanoparticles in a colloidal system [89-93]. Unfortunately, as is common in bulk electrodes, 
this research focuses on the noble metals Au or Ag, which are not economically suitable for large-
scale manufacture. As an alternative, Lee, et al. [94,95] have studied Al-based electrodes deposited 
via metallic ink and roll-to-roll process, and have recently reported a functional touch-sensitive 
panel with apparent resistance to oxidation. Cu, with its high inherent conductivity, may be another 
suitable candidate – as discussed earlier, Cu-based TADF molecules have already been solution 
processed. Widespread attention is given to carbon nanotube- or graphene- based cathodes, which 
have given promising electrical performances and are easily adapted to wet-deposition [89,96,97]. 
Polymer cathodes may be a viable alternative as they have been studied for use in batteries [98-103] 
and, to a lesser extent, nanoscale batteries [104] and solar cells [105].  
 
Designers should also consider the solution processability of organic transport layers for fully SP 
OLEDs. However, transport layers have fewer design criteria than EMLs, and will not experience the 
same number of detrimental synergistic effects when depositing via solution as discussed earlier. 
Thus, there are fewer considerations when incorporating SP transport layers. Solvent orthogonality 
is perhaps the most significant consideration.  
 
Inkjet Deposition 
 
The majority of SP-OLED studies use spin coating as the chosen method for deposition. While spin 
coating is indeed a wet process and allows one to analyse film structure, it does not necessarily 
translate into large-scale manufacture. Not only is the physical process of spin coating not applicable 
to the large scale, it cannot be incorporated into R2R processes. On the other hand, inkjet deposition 
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is compatible and thus more suitable for commercial manufacture. In fact, electronic developers 
have recently begun using inkjet deposition in production lines or unveiled inkjet-deposited OLED 
prototypes. Thus, by using inkjet deposition in initial studies, researchers can ensure any developed 
materials are suitable for manufacture immediately and skip additional steps involved in translating 
their research to the market.  
 
Single-layer and non-doped devices 
 
More efforts should be paid towards reducing production costs through single-layer devices and 
non-doped (i.e. no host) EMLs. Not only will this minimise production costs through reducing 
materials consumption, it will lessen the number of factors needing to be considered during design 
stages, thus simplifying the overall design procedure. As an example, doped EMLs require additional 
consideration of the entire electronic structure of the dopant along with that of the host. Similarly, 
in a fully-solution processed device, each layer needs a high level of orthogonal resistance to certain 
solvents to avoid dissolution when depositing neighbouring layers; single-layer devices will not 
require such consideration. In recent years, non-doped EMLs have made substantial progress in the 
literature, boasting greater stability and somewhat similar performance efficiency when compared 
to their doped counterparts [106]. On the other hand, single-layer OLEDs are considerably less 
common in research; the few notable recent studies of single-layer OLEDs in literature show 
significantly lower performance efficiencies (for example, see [107,108]). Light emitting 
electrochemical cells, which operate by a slightly different mechanism, are a perfect example of 
solid-state lighting through minimalistic single-layer design [109]. The Zysman-Colman group [110-
113] have produced several light-emitting electrochemical cells using TADF EMLs, albeit at reduced 
efficiencies. 
 
 
Conflicts of interest 
The author declares no conflicts of interest. 
  
15 
 
References 
1. Uoyama, H.; Goushi, K.; Shizu, K.; Nomura, H.; Adachi, C. Highly efficient organic light-emitting 
diodes from delayed fluorescence. Nature 2012, 492, 234, doi:10.1038/nature11687 
https://www.nature.com/articles/nature11687#supplementary-information. 
2. Parker, C.A.; Hatchard, C.G. Triplet-singlet emission in fluid solutions. Phosphorescence of eosin. 
Transactions of the Faraday Society 1961, 57, 1894-1904, doi:10.1039/TF9615701894. 
3. Kaji, H.; Suzuki, H.; Fukushima, T.; Shizu, K.; Suzuki, K.; Kubo, S.; Komino, T.; Oiwa, H.; Suzuki, F.; 
Wakamiya, A.J.N.c. Purely organic electroluminescent material realizing 100% conversion from 
electricity to light. 2015, 6, 8476. 
4. Zhang, Q.; Tsang, D.; Kuwabara, H.; Hatae, Y.; Li, B.; Takahashi, T.; Lee, S.Y.; Yasuda, T.; Adachi, 
C.J.A.M. Nearly 100% internal quantum efficiency in undoped electroluminescent devices employing 
pure organic emitters. 2015, 27, 2096-2100. 
5. Lin, T.A.; Chatterjee, T.; Tsai, W.L.; Lee, W.K.; Wu, M.J.; Jiao, M.; Pan, K.C.; Yi, C.L.; Chung, C.L.; Wong, 
K.T.J.A.M. Sky-blue organic light emitting diode with 37% external quantum efficiency using thermally 
activated delayed fluorescence from spiroacridine-triazine hybrid. 2016, 28, 6976-6983. 
6. Moon, C.-K.; Suzuki, K.; Shizu, K.; Adachi, C.; Kaji, H.; Kim, J.-J. Combined Inter- and Intramolecular 
Charge-Transfer Processes for Highly Efficient Fluorescent Organic Light-Emitting Diodes with 
Reduced Triplet Exciton Quenching. Advanced Materials 2017, 29, 1606448, 
doi:doi:10.1002/adma.201606448. 
7. Yersin, H. Highly Efficient OLEDs: Materials Based on Thermally Activated Delayed Fluorescence; Wiley: 
2018. 
8. Koden, M. OLED Displays and Lighting; Wiley: 2016. 
9. Volz, D. Review of organic light-emitting diodes with thermally activated delayed fluorescence emitters for 
energy-efficient sustainable light sources and displays; SPIE: 2016; Vol. 6, pp. 13. 
10. Im, Y.; Kim, M.; Cho, Y.J.; Seo, J.-A.; Yook, K.S.; Lee, J.Y. Molecular Design Strategy of Organic 
Thermally Activated Delayed Fluorescence Emitters. Chemistry of Materials 2017, 29, 1946-1963, 
doi:10.1021/acs.chemmater.6b05324. 
11. Santos, P.L.; Ward, J.S.; Data, P.; Batsanov, A.S.; Bryce, M.R.; Dias, F.B.; Monkman, A.P.J.J.o.M.C.C. 
Engineering the singlet–triplet energy splitting in a TADF molecule. 2016, 4, 3815-3824. 
12. Bergmann, L.; Zink, D.M.; Bräse, S.; Baumann, T.; Volz, D. Metal–Organic and Organic TADF-
Materials: Status, Challenges and Characterization. In Photoluminescent Materials and Electroluminescent 
Devices, Springer: 2017; pp. 201-239. 
13. Yersin, H.; Czerwieniec, R.; Shafikov, M.Z.; Suleymanova, A.F.J.C. TADF Material Design: 
Photophysical Background and Case Studies Focusing on CuI and AgI Complexes. 2017, 18, 3508-3535. 
14. Dias, F.B.; Penfold, T.J.; Monkman, A.P. Photophysics of thermally activated delayed fluorescence 
molecules. Methods and applications in fluorescence 2017, 5, 012001. 
15. Duan, L.; Hou, L.; Lee, T.-W.; Qiao, J.; Zhang, D.; Dong, G.; Wang, L.; Qiu, Y. Solution processable small 
molecules for organic light-emitting diodes. Journal of Materials Chemistry 2010, 20, 6392-6407. 
16. Cho, Y.J.; Yook, K.S.; Lee, J.Y. High Efficiency in a Solution-Processed Thermally Activated Delayed-
Fluorescence Device Using a Delayed-Fluorescence Emitting Material with Improved Solubility. 
Advanced Materials 2014, 26, 6642-6646, doi:doi:10.1002/adma.201402188. 
  
16 
 
17. Nie, H.; Hu, K.; Cai, Y.; Peng, Q.; Zhao, Z.; Hu, R.; Chen, J.; Su, S.-J.; Qin, A.; Tang, B.Z. 
Tetraphenylfuran: aggregation-induced emission or aggregation-caused quenching? Materials 
Chemistry Frontiers 2017, 1, 1125-1129, doi:10.1039/C6QM00343E. 
18. Jenekhe, S.A.; Osaheni, J.A. Excimers and Exciplexes of Conjugated Polymers. Science 1994, 265, 765-
768, doi:10.1126/science.265.5173.765. 
19. Huang, T.; Jiang, W.; Duan, L. Recent progress in solution processable TADF materials for organic light-
emitting diodes. Journal of Materials Chemistry C 2018, 6, 5577-5596, doi:10.1039/C8TC01139G. 
20. Zou, Y.; Gong, S.; Xie, G.; Yang, C. Design Strategy for Solution-Processable Thermally Activated 
Delayed Fluorescence Emitters and Their Applications in Organic Light-Emitting Diodes. Advanced 
Optical Materials 2018, 6, 1800568, doi:doi:10.1002/adom.201800568. 
21. Lee, S.Y.; Yasuda, T.; Komiyama, H.; Lee, J.; Adachi, C. Thermally Activated Delayed Fluorescence 
Polymers for Efficient Solution-Processed Organic Light-Emitting Diodes. Advanced Materials 2016, 28, 
4019-4024, doi:doi:10.1002/adma.201505026. 
22. Albrecht, K.; Matsuoka, K.; Fujita, K.; Yamamoto, K. Carbazole Dendrimers as Solution-Processable 
Thermally Activated Delayed-Fluorescence Materials. Angewandte Chemie International Edition 2015, 54, 
5677-5682, doi:doi:10.1002/anie.201500203. 
23. Albrecht, K.; Matsuoka, K.; Yokoyama, D.; Sakai, Y.; Nakayama, A.; Fujita, K.; Yamamoto, K. Thermally 
activated delayed fluorescence OLEDs with fully solution processed organic layers exhibiting nearly 
10% external quantum efficiency. Chemical Communications 2017, 53, 2439-2442, 
doi:10.1039/C6CC09275F. 
24. Albrecht, K.; Matsuoka, K.; Fujita, K.; Yamamoto, K. A dendrimer emitter doped in a dendrimer host: 
efficient thermally activated delayed fluorescence OLEDs with fully-solution processed organic-layers. 
Materials Chemistry Frontiers 2018, 2, 1097-1103. 
25. Xie, G.; Li, X.; Chen, D.; Wang, Z.; Cai, X.; Chen, D.; Li, Y.; Liu, K.; Cao, Y.; Su, S.-J. Evaporation- and 
Solution-Process-Feasible Highly Efficient Thianthrene-9,9′,10,10′-Tetraoxide-Based Thermally 
Activated Delayed Fluorescence Emitters with Reduced Efficiency Roll-Off. Advanced Materials 2016, 
28, 181-187, doi:doi:10.1002/adma.201503225. 
26. Liu, Y.; Xie, G.; Wu, K.; Luo, Z.; Zhou, T.; Zeng, X.; Yu, J.; Gong, S.; Yang, C. Boosting reverse 
intersystem crossing by increasing donors in triarylboron/phenoxazine hybrids: TADF emitters for 
high-performance solution-processed OLEDs. Journal of Materials Chemistry C 2016, 4, 4402-4407. 
27. Tang, C.; Yang, T.; Cao, X.; Tao, Y.; Wang, F.; Zhong, C.; Qian, Y.; Zhang, X.; Huang, W. Tuning a Weak 
Emissive Blue Host to Highly Efficient Green Dopant by a CN in Tetracarbazolepyridines for Solution-
Processed Thermally Activated Delayed Fluorescence Devices. Advanced Optical Materials 2015, 3, 786-
790, doi:doi:10.1002/adom.201500016. 
28. Chen, X.-L.; Lin, C.-S.; Wu, X.-Y.; Yu, R.; Teng, T.; Zhang, Q.-K.; Zhang, Q.; Yang, W.-B.; Lu, C.-Z. Highly 
efficient cuprous complexes with thermally activated delayed fluorescence and simplified solution 
process OLEDs using the ligand as host. Journal of Materials Chemistry C 2015, 3, 1187-1195, 
doi:10.1039/C4TC02255F. 
29. Joo, C.W.; Cho, H.; Kwon, B.-H.; Cho, N.S.; Kim, Y.; Kim, Y.-H.; Lee, J. Development of solution-
processable blue/hybrid-white OLEDs based on thermally activated delayed fluorescence. Journal of 
Industrial and Engineering Chemistry 2018, 65, 35-39, doi:https://doi.org/10.1016/j.jiec.2018.03.030. 
  
17 
 
30. Li, W.; Zhao, J.; Li, L.; Du, X.; Fan, C.; Zheng, C.; Tao, S. Efficient solution-processed blue and white 
OLEDs based on a high-triplet bipolar host and a blue TADF emitter. Organic Electronics 2018, 58, 276-
282, doi:https://doi.org/10.1016/j.orgel.2018.04.027. 
31. Luo, J.; Gong, S.; Gu, Y.; Chen, T.; Li, Y.; Zhong, C.; Xie, G.; Yang, C. Multi-carbazole encapsulation as 
a simple strategy for the construction of solution-processed, non-doped thermally activated delayed 
fluorescence emitters. Journal of Materials Chemistry C 2016, 4, 2442-2446, doi:10.1039/C6TC00418K. 
32. Komatsu, R.; Sasabe, H.; Inomata, S.; Pu, Y.-J.; Kido, J. High efficiency solution processed OLEDs using 
a thermally activated delayed fluorescence emitter. Synthetic Metals 2015, 202, 165-168, 
doi:https://doi.org/10.1016/j.synthmet.2015.02.009. 
33. Luo, J.; Xie, G.; Gong, S.; Chen, T.; Yang, C. Creating a thermally activated delayed fluorescence channel 
in a single polymer system to enhance exciton utilization efficiency for bluish-green 
electroluminescence. Chemical Communications 2016, 52, 2292-2295, doi:10.1039/C5CC09797E. 
34. Cho, Y.J.; Jeon, S.K.; Lee, J.Y. Molecular Engineering of High Efficiency and Long Lifetime Blue 
Thermally Activated Delayed Fluorescent Emitters for Vacuum and Solution Processed Organic Light-
Emitting Diodes. Advanced Optical Materials 2016, 4, 688-693, doi:doi:10.1002/adom.201500634. 
35. Kim, Y.-H.; Wolf, C.; Cho, H.; Jeong, S.-H.; Lee, T.-W. Highly Efficient, Simplified, Solution-Processed 
Thermally Activated Delayed-Fluorescence Organic Light-Emitting Diodes. Advanced Materials 2016, 
28, 734-741, doi:doi:10.1002/adma.201504490. 
36. Nobuyasu, R.S.; Ren, Z.; Griffiths, G.C.; Batsanov, A.S.; Data, P.; Yan, S.; Monkman, A.P.; Bryce, M.R.; 
Dias, F.B. Rational Design of TADF Polymers Using a Donor–Acceptor Monomer with Enhanced TADF 
Efficiency Induced by the Energy Alignment of Charge Transfer and Local Triplet Excited States. 
Advanced Optical Materials 2016, 4, 597-607, doi:doi:10.1002/adom.201500689. 
37. Sun, K.; Sun, Y.; Huang, T.; Luo, J.; Jiang, W.; Sun, Y. Design strategy of yellow thermally activated 
delayed fluorescent dendrimers and their highly efficient non-doped solution-processed OLEDs with 
low driving voltage. Organic Electronics 2017, 42, 123-130, doi:https://doi.org/10.1016/j.orgel.2016.12.026. 
38. Ban, X.; Jiang, W.; Sun, K.; Lin, B.; Sun, Y. Self-Host Blue Dendrimer Comprised of Thermally Activated 
Delayed Fluorescence Core and Bipolar Dendrons for Efficient Solution-Processable Nondoped 
Electroluminescence. ACS Applied Materials & Interfaces 2017, 9, 7339-7346, doi:10.1021/acsami.6b14922. 
39. Hu, J.; Zhang, X.; Zhang, D.; Cao, X.; Jiang, T.; Zhang, X.; Tao, Y. Linkage modes on 
phthaloyl/triphenylamine hybrid compounds: Multi-functional AIE luminogens, non-doped emitters 
and organic hosts for highly efficient solution-processed delayed fluorescence OLEDs. Dyes and 
Pigments 2017, 137, 480-489, doi:https://doi.org/10.1016/j.dyepig.2016.10.029. 
40. Ban, X.; Zhu, A.; Zhang, T.; Tong, Z.; Jiang, W.; Sun, Y. Design of encapsulated hosts and guests for 
highly efficient blue and green thermally activated delayed fluorescence OLEDs based on a solution-
process. Chemical Communications 2017, 53, 11834-11837. 
41. Gong, S.; Luo, J.; Wang, Z.; Li, Y.; Chen, T.; Xie, G.; Yang, C. Tuning emissive characteristics and singlet-
triplet energy splitting of fluorescent emitters by encapsulation group modification: Yellow TADF 
emitter for solution-processed OLEDs with high luminance and ultraslow efficiency roll-off. Dyes and 
Pigments 2017, 139, 593-600, doi:https://doi.org/10.1016/j.dyepig.2016.12.058. 
42. Bin, H.; Ji, Y.; Li, Z.; Zhou, N.; Jiang, W.; Feng, Y.; Lin, B.; Sun, Y. Simple aggregation–induced delayed 
fluorescence materials based on anthraquinone derivatives for highly efficient solution–processed red 
OLEDs. Journal of Luminescence 2017, 187, 414-420, doi:https://doi.org/10.1016/j.jlumin.2017.03.038. 
  
18 
 
43. Huang, B.; Li, Z.; Yang, H.; Hu, D.; Wu, W.; Feng, Y.; Sun, Y.; Lin, B.; Jiang, W. Bicolour 
electroluminescence of 2-(carbazol-9-yl)anthraquinone based on a solution process. Journal of Materials 
Chemistry C 2017, 5, 12031-12034, doi:10.1039/C7TC04444E. 
44. Huang, B.; Ban, X.; Sun, K.; Ma, Z.; Mei, Y.; Jiang, W.; Lin, B.; Sun, Y. Thermally activated delayed 
fluorescence materials based on benzophenone derivative as emitter for efficient solution-processed 
non-doped green OLED. Dyes and Pigments 2016, 133, 380-386, 
doi:https://doi.org/10.1016/j.dyepig.2016.06.025. 
45. Lin, X.; Zhu, Y.; Zhang, B.; Zhao, X.; Yao, B.; Cheng, Y.; Li, Z.; Qu, Y.; Xie, Z. Highly Efficient TADF 
Polymer Electroluminescence with Reduced Efficiency Roll-off via Interfacial Exciplex Host Strategy. 
ACS Applied Materials & Interfaces 2018, 10, 47-52, doi:10.1021/acsami.7b16887. 
46. Zhu, Y.; Zhang, Y.; Yao, B.; Wang, Y.; Zhang, Z.; Zhan, H.; Zhang, B.; Xie, Z.; Wang, Y.; Cheng, Y. 
Synthesis and Electroluminescence of a Conjugated Polymer with Thermally Activated Delayed 
Fluorescence. Macromolecules 2016, 49, 4373-4377, doi:10.1021/acs.macromol.6b00430. 
47. Cho, Y.J.; Chin, B.D.; Jeon, S.K.; Lee, J.Y. 20% External Quantum Efficiency in Solution-Processed Blue 
Thermally Activated Delayed Fluorescent Devices. Advanced Functional Materials 2015, 25, 6786-6792, 
doi:doi:10.1002/adfm.201502995. 
48. Li, Y.; Xie, G.; Gong, S.; Wu, K.; Yang, C. Dendronized delayed fluorescence emitters for non-doped, 
solution-processed organic light-emitting diodes with high efficiency and low efficiency roll-off 
simultaneously: two parallel emissive channels. Chemical Science 2016, 7, 5441-5447, 
doi:10.1039/C6SC00943C. 
49. Yu, L.; Wu, Z.; Xie, G.; Zhong, C.; Zhu, Z.; Cong, H.; Ma, D.; Yang, C. Achieving a balance between 
small singlet–triplet energy splitting and high fluorescence radiative rate in a quinoxaline-based 
orange-red thermally activated delayed fluorescence emitter. Chemical Communications 2016, 52, 11012-
11015, doi:10.1039/C6CC05203G. 
50. Ban, X.; Jiang, W.; Lu, T.; Jing, X.; Tang, Q.; Huang, S.; Sun, K.; Huang, B.; Lin, B.; Sun, Y. Self-host 
thermally activated delayed fluorescent dendrimers with flexible chains: an effective strategy for non-
doped electroluminescent devices based on solution processing. Journal of Materials Chemistry C 2016, 
4, 8810-8816, doi:10.1039/C6TC03063G. 
51. Li, J.; Liao, X.; Xu, H.; Li, L.; Zhang, J.; Wang, H.; Xu, B. Deep-blue thermally activated delayed 
fluorescence dendrimers with reduced singlet-triplet energy gap for low roll-off non-doped solution-
processed organic light-emitting diodes. Dyes and Pigments 2017, 140, 79-86, 
doi:https://doi.org/10.1016/j.dyepig.2017.01.036. 
52. Matsuoka, K.; Albrecht, K.; Yamamoto, K.; Fujita, K. Mulifunctional Dendritic Emitter: Aggregation-
Induced Emission Enhanced, Thermally Activated Delayed Fluorescent Material for Solution-
Processed Multilayered Organic Light-Emitting Diodes. Scientific Reports 2017, 7, 41780, 
doi:10.1038/srep41780 
https://www.nature.com/articles/srep41780#supplementary-information. 
53. Sun, K.; Xie, X.; Liu, Y.; Jiang, W.; Ban, X.; Huang, B.; Sun, Y. Thermally cross-linkable thermally 
activated delayed fluorescent materials for efficient blue solution-processed organic light-emitting 
diodes. Journal of Materials Chemistry C 2016, 4, 8973-8979, doi:10.1039/C6TC02634F. 
54. Verma, A.; Zink, D.M.; Fléchon, C.; Leganés Carballo, J.; Flügge, H.; Navarro, J.M.; Baumann, T.; Volz, 
D. Efficient, inkjet-printed TADF-OLEDs with an ultra-soluble NHetPHOS complex. Applied Physics A 
2016, 122, 191, doi:10.1007/s00339-016-9726-2. 
  
19 
 
55. Chen, X.-L.; Yu, R.; Zhang, Q.-K.; Zhou, L.-J.; Wu, X.-Y.; Zhang, Q.; Lu, C.-Z. Rational Design of Strongly 
Blue-Emitting Cuprous Complexes with Thermally Activated Delayed Fluorescence and Application 
in Solution-Processed OLEDs. Chemistry of Materials 2013, 25, 3910-3920, doi:10.1021/cm4024309. 
56. Chen, X.-L.; Jia, J.-H.; Yu, R.; Liao, J.-Z.; Yang, M.-X.; Lu, C.-Z. Combining Charge-Transfer Pathways 
to Achieve Unique Thermally Activated Delayed Fluorescence Emitters for High-Performance 
Solution-Processed, Non-doped Blue OLEDs. 2017, 56, 15006-15009, doi:doi:10.1002/anie.201709125. 
57. Ban, X.; Zhu, A.; Zhang, T.; Tong, Z.; Jiang, W.; Sun, Y. Highly Efficient All-Solution-Processed 
Fluorescent Organic Light-Emitting Diodes Based on a Novel Self-Host Thermally Activated Delayed 
Fluorescence Emitter. ACS Applied Materials & Interfaces 2017, 9, 21900-21908, 
doi:10.1021/acsami.7b04146. 
58. Nikolaenko, A.E.; Cass, M.; Bourcet, F.; Mohamad, D.; Roberts, M. Thermally Activated Delayed 
Fluorescence in Polymers: A New Route toward Highly Efficient Solution Processable OLEDs. 
Advanced Materials 2015, 27, 7236-7240, doi:doi:10.1002/adma.201501090. 
59. Ren, Z.; Nobuyasu, R.S.; Dias, F.B.; Monkman, A.P.; Yan, S.; Bryce, M.R. Pendant Homopolymer and 
Copolymers as Solution-Processable Thermally Activated Delayed Fluorescence Materials for Organic 
Light-Emitting Diodes. Macromolecules 2016, 49, 5452-5460, doi:10.1021/acs.macromol.6b01216. 
60. Xie, G.; Luo, J.; Huang, M.; Chen, T.; Wu, K.; Gong, S.; Yang, C. Inheriting the Characteristics of TADF 
Small Molecule by Side-Chain Engineering Strategy to Enable Bluish-Green Polymers with High 
PLQYs up to 74% and External Quantum Efficiency over 16% in Light-Emitting Diodes. Advanced 
Materials 2017, 29, 1604223, doi:doi:10.1002/adma.201604223. 
61. Dias, F.B.; Bourdakos, K.N.; Jankus, V.; Moss, K.C.; Kamtekar, K.T.; Bhalla, V.; Santos, J.; Bryce, M.R.; 
Monkman, A.P. Triplet Harvesting with 100% Efficiency by Way of Thermally Activated Delayed 
Fluorescence in Charge Transfer OLED Emitters. Advanced Materials 2013, 25, 3707-3714, 
doi:doi:10.1002/adma.201300753. 
62. Kim, K.-H.; Lee, S.; Moon, C.-K.; Kim, S.-Y.; Park, Y.-S.; Lee, J.-H.; Woo Lee, J.; Huh, J.; You, Y.; Kim, J.-
J. Phosphorescent dye-based supramolecules for high-efficiency organic light-emitting diodes. 2014, 5, 
4769, doi:10.1038/ncomms5769 
https://www.nature.com/articles/ncomms5769#supplementary-information. 
63. Flämmich, M.; Frischeisen, J.; Setz, D.S.; Michaelis, D.; Krummacher, B.C.; Schmidt, T.D.; Brütting, W.; 
Danz, N. Oriented phosphorescent emitters boost OLED efficiency. Organic Electronics 2011, 12, 1663-
1668, doi:https://doi.org/10.1016/j.orgel.2011.06.011. 
64. Facchetti, A. π-Conjugated polymers for organic electronics and photovoltaic cell applications. 
Chemistry of Materials 2010, 23, 733-758. 
65. Salaneck, W.R.; Stafstrom, S.; Brédas, J.L. Conjugated polymer surfaces and interfaces: electronic and chemical 
structure of interfaces for polymer light emitting devices; Cambridge University Press: 2003. 
66. Lee, J.; Aizawa, N.; Numata, M.; Adachi, C.; Yasuda, T. Versatile molecular functionalization for 
inhibiting concentration quenching of thermally activated delayed fluorescence. Advanced Materials 
2017, 29, 1604856. 
67. Xie, Z.; Chen, C.; Xu, S.; Li, J.; Zhang, Y.; Liu, S.; Xu, J.; Chi, Z. White-Light Emission Strategy of a Single 
Organic Compound with Aggregation-Induced Emission and Delayed Fluorescence Properties. 
Angewandte Chemie International Edition 2015, 54, 7181-7184. 
68. Song, W.; Lee, I.; Lee, J.Y. Host Engineering for High Quantum Efficiency Blue and White Fluorescent 
Organic Light-Emitting Diodes. Advanced Materials 2015, 27, 4358-4363. 
  
20 
 
69. Cho, Y.J.; Yook, K.S.; Lee, J.Y. High Efficiency in a Solution-Processed Thermally Activated Delayed-
Fluorescence Device Using a Delayed-Fluorescence Emitting Material with Improved Solubility. 
Advanced Materials 2014, 26, 6642-6646. 
70. Suzuki, Y.; Zhang, Q.; Adachi, C. A solution-processable host material of 1, 3-bis {3-[3-(9-carbazolyl) 
phenyl]-9-carbazolyl} benzene and its application in organic light-emitting diodes employing thermally 
activated delayed fluorescence. Journal of Materials Chemistry C 2015, 3, 1700-1706. 
71. Kim, J.-S.; Friend, R.H.; Grizzi, I.; Burroughes, J.H. Spin-cast thin semiconducting polymer interlayer 
for improving device efficiency of polymer light-emitting diodes. Applied Physics Letters 2005, 87, 
023506. 
72. Tsujimoto, H.; Ha, D.-G.; Markopoulos, G.; Chae, H.S.; Baldo, M.A.; Swager, T.M. Thermally Activated 
Delayed Fluorescence and Aggregation Induced Emission with Through-Space Charge Transfer. 
Journal of the American Chemical Society 2017, 139, 4894-4900, doi:10.1021/jacs.7b00873. 
73. Feuillastre, S.; Pauton, M.; Gao, L.; Desmarchelier, A.; Riives, A.J.; Prim, D.; Tondelier, D.; Geffroy, B.; 
Muller, G.; Clavier, G., et al. Design and Synthesis of New Circularly Polarized Thermally Activated 
Delayed Fluorescence Emitters. J Am Chem Soc 2016, 138, 3990-3993, doi:10.1021/jacs.6b00850. 
74. Mei, J.; Leung, N.L.C.; Kwok, R.T.K.; Lam, J.W.Y.; Tang, B.Z. Aggregation-Induced Emission: Together 
We Shine, United We Soar! Chemical Reviews 2015, 115, 11718-11940, doi:10.1021/acs.chemrev.5b00263. 
75. Li, J.; Liu, D. Dendrimers for organic light-emitting diodes. Journal of materials Chemistry 2009, 19, 7584-
7591. 
76. Lo, S.-C.; Burn, P.L. Development of dendrimers: macromolecules for use in organic light-emitting 
diodes and solar cells. Chemical Reviews 2007, 107, 1097-1116. 
77. Albrecht, K.; Pernites, R.; Felipe, M.J.; Advincula, R.C.; Yamamoto, K. Patterning Carbazole–
Phenylazomethine Dendrimer Films. Macromolecules 2012, 45, 1288-1295, doi:10.1021/ma202485h. 
78. Kimoto, A.; Cho, J.-S.; Ito, K.; Aoki, D.; Miyake, T.; Yamamoto, K. Novel Hole-Transport Material for 
Efficient Polymer Light-Emitting Diodes by Photoreaction. Macromolecular Rapid Communications 2005, 
26, 597-601, doi:doi:10.1002/marc.200400657. 
79. Aizawa, N.; Pu, Y.-J.; Watanabe, M.; Chiba, T.; Ideta, K.; Toyota, N.; Igarashi, M.; Suzuri, Y.; Sasabe, H.; 
Kido, J. Solution-processed multilayer small-molecule light-emitting devices with high-efficiency 
white-light emission. Nature Communications 2014, 5, 5756, doi:10.1038/ncomms6756 
https://www.nature.com/articles/ncomms6756#supplementary-information. 
80. Chen, L.; Ma, Z.; Ding, J.; Wang, L.; Jing, X.; Wang, F. Self-host heteroleptic green iridium dendrimers: 
achieving efficient non-doped device performance based on a simple molecular structure. Chemical 
Communications 2011, 47, 9519-9521, doi:10.1039/C1CC13276H. 
81. Leijtens, T.; Ding, I.-K.; Giovenzana, T.; Bloking, J.T.; McGehee, M.D.; Sellinger, A. Hole transport 
materials with low glass transition temperatures and high solubility for application in solid-state dye-
sensitized solar cells. ACS nano 2012, 6, 1455-1462. 
82. Hansen, C.M. The three dimensional solubility parameter. Danish Technical: Copenhagen 1967, 14. 
83. Barton, A.F. Solubility parameters. Chemical Reviews 1975, 75, 731-753. 
84. Machui, F.; Abbott, S.; Waller, D.; Koppe, M.; Brabec, C.J. Determination of solubility parameters for 
organic semiconductor formulations. Macromolecular chemistry and Physics 2011, 212, 2159-2165. 
85. Burgués-Ceballos, I.; Machui, F.; Min, J.; Ameri, T.; Voigt, M.M.; Luponosov, Y.N.; Ponomarenko, S.A.; 
Lacharmoise, P.D.; Campoy-Quiles, M.; Brabec, C.J. Solubility based identification of green solvents for 
small molecule organic solar cells. Advanced Functional Materials 2014, 24, 1449-1457. 
  
21 
 
86. Machui, F.; Langner, S.; Zhu, X.; Abbott, S.; Brabec, C.J. Determination of the P3HT:PCBM solubility 
parameters via a binary solvent gradient method: Impact of solubility on the photovoltaic performance. 
Solar Energy Materials and Solar Cells 2012, 100, 138-146, doi:https://doi.org/10.1016/j.solmat.2012.01.005. 
87. Duong, D.T.; Walker, B.; Lin, J.; Kim, C.; Love, J.; Purushothaman, B.; Anthony, J.E.; Nguyen, T.Q. 
Molecular solubility and hansen solubility parameters for the analysis of phase separation in bulk 
heterojunctions. Journal of Polymer Science Part B: Polymer Physics 2012, 50, 1405-1413. 
88. Sanders, J.M.; Kwak, H.S.; Mustard, T.J.; Browning, A.R.; Halls, M.D. Atomistic simulations of mechanical 
and thermophysical properties of OLED materials; SPIE: 2018; Vol. 10736, pp. 8. 
89. Kamyshny, A.; Magdassi, S. Conductive Nanomaterials for Printed Electronics. Small 2014, 10, 3515-
3535, doi:doi:10.1002/smll.201303000. 
90. Ankireddy, K.; Vunnam, S.; Kellar, J.; Cross, W. Highly conductive short chain carboxylic acid 
encapsulated silver nanoparticle based inks for direct write technology applications. Journal of Materials 
Chemistry C 2013, 1, 572-579, doi:10.1039/C2TC00336H. 
91. Vaseem, M.; Lee, K.M.; Hong, A.R.; Hahn, Y.-B. Inkjet Printed Fractal-Connected Electrodes with Silver 
Nanoparticle Ink. ACS Applied Materials & Interfaces 2012, 4, 3300-3307, doi:10.1021/am300689d. 
92. Yamada, T.; Fukuhara, K.; Matsuoka, K.; Minemawari, H.; Tsutsumi, J.y.; Fukuda, N.; Aoshima, K.; 
Arai, S.; Makita, Y.; Kubo, H., et al. Nanoparticle chemisorption printing technique for conductive silver 
patterning with submicron resolution. Nature Communications 2016, 7, 11402, doi:10.1038/ncomms11402 
https://www.nature.com/articles/ncomms11402#supplementary-information. 
93. Wu, Y.; Li, Y.; Ong, B.S.; Liu, P.; Gardner, S.; Chiang, B. High-Performance Organic Thin-Film 
Transistors with Solution-Printed Gold Contacts. Advanced Materials 2005, 17, 184-187, 
doi:doi:10.1002/adma.200400690. 
94. Jung, S.-h.; Choi, D.Y.; Lee, H.M. Roll-to-roll processed, highly conductive, and flexible aluminum (Al) 
electrodes based on Al precursor inks. RSC Advances 2018, 8, 19950-19957, doi:10.1039/C8RA03303J. 
95. Lee, H.M.; Seo, J.Y.; Jung, A.; Choi, S.-Y.; Ko, S.H.; Jo, J.; Park, S.B.; Park, D. Long-Term Sustainable 
Aluminum Precursor Solution for Highly Conductive Thin Films on Rigid and Flexible Substrates. ACS 
Applied Materials & Interfaces 2014, 6, 15480-15487, doi:10.1021/am504134f. 
96. Chang, J.-H.; Lin, W.-H.; Wang, P.-C.; Taur, J.-I.; Ku, T.-A.; Chen, W.-T.; Yan, S.-J.; Wu, C.-I. Solution-
processed transparent blue organic light-emitting diodes with graphene as the top cathode. Scientific 
reports 2015, 5, 9693. 
97. Matyba, P.; Yamaguchi, H.; Eda, G.; Chhowalla, M.; Edman, L.; Robinson, N.D. Graphene and mobile 
ions: the key to all-plastic, solution-processed light-emitting devices. Acs Nano 2010, 4, 637-642. 
98. Wang, J.; Liu, L.; Ling, Z.; Yang, J.; Wan, C.; Jiang, C. Polymer lithium cells with sulfur composites as 
cathode materials. Electrochimica Acta 2003, 48, 1861-1867, doi:https://doi.org/10.1016/S0013-
4686(03)00258-5. 
99. Kim, J.-K.; Cheruvally, G.; Choi, J.-W.; Ahn, J.-H.; Lee, S.H.; Choi, D.S.; Song, C.E. Effect of radical 
polymer cathode thickness on the electrochemical performance of organic radical battery. Solid State 
Ionics 2007, 178, 1546-1551, doi:https://doi.org/10.1016/j.ssi.2007.09.009. 
100. Novák, P.; Müller, K.; Santhanam, K.S.V.; Haas, O. Electrochemically Active Polymers for Rechargeable 
Batteries. Chemical Reviews 1997, 97, 207-282, doi:10.1021/cr941181o. 
101. Song, Z.; Zhan, H.; Zhou, Y. Polyimides: Promising Energy-Storage Materials. Angewandte Chemie 
International Edition 2010, 49, 8444-8448, doi:doi:10.1002/anie.201002439. 
  
22 
 
102. Oyama, N.; Tatsuma, T.; Sato, T.; Sotomura, T. Dimercaptan–polyaniline composite electrodes for 
lithium batteries with high energy density. Nature 1995, 373, 598-600, doi:10.1038/373598a0. 
103. Peterson, B.M.; Ren, D.; Shen, L.; Wu, Y.-C.M.; Ulgut, B.; Coates, G.W.; Abruña, H.D.; Fors, B.P. 
Phenothiazine-Based Polymer Cathode Materials with Ultrahigh Power Densities for Lithium Ion 
Batteries. ACS Applied Energy Materials 2018, 1, 3560-3564. 
104. Suga, T.; Konishi, H.; Nishide, H. Photocrosslinked nitroxide polymer cathode-active materials for 
application in an organic-based paper battery. Chemical Communications 2007, 10.1039/B618710B, 1730-
1732, doi:10.1039/B618710B. 
105. Gadisa, A.; Tvingstedt, K.; Admassie, S.; Lindell, L.; Crispin, X.; Andersson, M.R.; Salaneck, W.R.; 
Inganäs, O. Transparent polymer cathode for organic photovoltaic devices. Synthetic Metals 2006, 156, 
1102-1107. 
106. Godumala, M.; Choi, S.; Cho, M.J.; Choi, D.H. Recent breakthroughs in thermally activated delayed 
fluorescence organic light emitting diodes containing non-doped emitting layers. Journal of Materials 
Chemistry C 2019, 10.1039/C8TC06293E, doi:10.1039/C8TC06293E. 
107. Angioni, E.; Chapran, M.; Ivaniuk, K.; Kostiv, N.; Cherpak, V.; Stakhira, P.; Lazauskas, A.; 
Tamulevičius, S.; Volyniuk, D.; Findlay, N. A single emitting layer white OLED based on exciplex 
interface emission. Journal of Materials Chemistry C 2016, 4, 3851-3856. 
108. Feng, X.J.; Chen, S.F.; Ni, Y.; Wong, M.S.; Lam, M.M.; Cheah, K.W.; Lai, G.Q. Fluorene derivatives for 
highly efficient non-doped single-layer blue organic light-emitting diodes. Organic Electronics 2014, 15, 
57-64. 
109. Meier, S.B.; Tordera, D.; Pertegas, A.; Roldan-Carmona, C.; Ortí, E.; Bolink, H.J. Light-emitting 
electrochemical cells: recent progress and future prospects. Materials Today 2014, 17, 217-223. 
110. Pertegás, A.; Wong, M.Y.; Sessolo, M.; Zysman-Colman, E.; Bolink, H.J. Efficient Light-Emitting 
Electrochemical Cells Using Small Molecular Weight, Ionic, Host-Guest Systems. ECS Journal of Solid 
State Science and Technology 2016, 5, R3160-R3163, doi:10.1149/2.0201601jss. 
111. Wong, M.Y.; La-Placa, M.-G.; Pertegas, A.; Bolink, H.J.; Zysman-Colman, E. Deep-blue thermally 
activated delayed fluorescence (TADF) emitters for light-emitting electrochemical cells (LEECs). Journal 
of Materials Chemistry C 2017, 5, 1699-1705. 
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